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Devwudfw
Fuhglwruv ri d glvwuhvvhg eruurzhu idfh d frruglqdwlrq sureohp1 Hyhq li
wkh ixqgdphqwdov duh vrxqg/ ihdu ri suhpdwxuh iruhforvxuh e| rwkhuv pd|
ohdg wr suh0hpswlyh dfwlrq/ xqghuplqlqj wkh surmhfw1 Uhfrjqlwlrq ri wklv
sureohp olhv ehklqg frusrudwh edqnuxswf| surylvlrqv dfurvv wkh zruog/ dqg
lw kdv ehhq lghqwlhg dv d fxosulw lq lqwhuqdwlrqdo qdqfldo fulvhv/ exw kdv uh0
fhlyhg vfdqw dwwhqwlrq iurp wkh olwhudwxuh rq ghew sulflqj1 Zlwkrxw frpprq
nqrzohgjh ri ixqgdphqwdov/ wkh lqflghqfh ri idloxuh lv xqltxho| ghwhuplqhg
surylghg wkdw sulydwh lqirupdwlrq lv suhflvh hqrxjk1 Wklv drugv d zd| wr
sulfh wkh frruglqdwlrq idloxuh1 Wkhuh duh wzr ixuwkhu frqfoxvlrqv1 Iluvw/
frruglqdwlrq lv pruh gl!fxow wr vxvwdlq zkhq ixqgdphqwdov ghwhulrudwh1
Wkxv/ zkhq ixqgdphqwdov ghwhulrudwh/ wkh rqvhw ri fulvlv fdq eh yhu| vzliw1
Vhfrqg/ wudqvsduhqf| 0 lq wkh vhqvh ri juhdwhu surylvlrq ri lqirupdwlrq wr
wkh pdunhw 0 grhv qrw jhqhudoo| plwljdwh wkh frruglqdwlrq sureohp1
Zh duh lqghewhg wr pdq| froohdjxhv iru wkhlu hqfrxudjhphqw dqg dgylfh1 Mhdq0Fkduohv
Urfkhw/ M ujhq Hlfkehujhu/ Mdylhu Vxduh} dqg Vwhidq gh Zdfkwhu dfwhg dv glvfxvvdqwv ri wklv
sdshu dw frqihuhqfhv/ dqg kdyh ohiw wkhlu pdun rq wkh fxuuhqw yhuvlrq1 Zh dovr ohduqhg pxfk
iurp Sdwulfn Erowrq/ Pduylq Jrrgiulhqg/ Fkduohv Jrrgkduw/ Iudqn Khlqhpdqq/ Jhukdug Loolqj/
Udidho Uhsxoor dqg Nhq Urjr1 Zh wkdqn vhplqdu sduwlflsdqwv dw pdq| xqlyhuvlwlhv dv zhoo dv
dw wkh Edqn ri Hqjodqg/ LPI/ dqg wkh Ulfkprqg Ihg1
41 Lqwurgxfwlrq
Rxu suhplvh lq wklv sdshu lv wkdw fuhglwruv idfh d frruglqdwlrq sureohp zkhq
idflqj d eruurzhu lq glvwuhvv/ dqg wkdw wklv zloo eh uh hfwhg lq wkh sulfh ri ghew1
Wkh sureohp idfhg e| fuhglwruv lv dnlq wr wkdw idfhg e| ghsrvlwruv ri d edqn zklfk
lv yxoqhudeoh wr d uxq1 Hyhq li wkh surmhfw lv yldeoh/ vr wkdw wkh ydoxh dw pdwxulw|
lv hqrxjk wr sd| doo wkh fuhglwruv lq ixoo/ d fuhglwru pd| eh whpswhg wr iruhforvh
rq wkh ordq ru vhl}h dq| dvvhwv lw fdq/ ihdulqj vlplodu dfwlrqv e| rwkhu fuhglwruv1
Vxfk ihduv zrxog eh vhoi0ixooolqj/ vlqfh wkh glvrughuo| oltxlgdwlrq ri dvvhwv dqg
wkh frqvhtxhqw glvuxswlrq wr wkh surmhfw lv pruh olnho| wr ohdg wr idloxuh ri wkh
surmhfw1
Lw lv kdug wr ryhuvwdwh wkh lpsruwdqfh ri frruglqdwlrq idloxuhv1 Wkh uhfrjqlwlrq
ri wklv sureohp 0 nqrzq dv wkh frpprq srro sureohp dprqj odz|huv 0 olhv dw
wkh khduw ri frusrudwh edqnuxswf| surylvlrqv dfurvv wkh zruog/ wdnlqj rq lwv prvw
hoderudwh irup lq wkh fkdswhu 44 surylvlrqv ri wkh X1V1 edqnuxswf| frgh +Edlug dqg
Mdfnvrq +4<<3,/ Mdfnvrq +4<;9,,1 Dovr/ frruglqdwlrq idloxuh dprqj fuhglwruv kdv
jxuhg surplqhqwo| lq wkh dffrxqwv ri hphujlqj pdunhw qdqfldo fulvhv lq uhfhqw
|hduv/ prvwo| qrwdeo| wkh Dvldq fulvlv ri 4<<: +Udghohw dqg Vdfkv +4<<;, dqg
Ilvfkhu +4<<<,,1 Wkh hhfwv rq frpplwphqw dulvlqj iurp frruglqdwlrq idloxuh kdyh
dovr ehhq uhfrjql}hg dv dq lpsruwdqw ghwhuplqdqw ri qdqfldo frqwudfwv +Erowrq
dqg Vfkduivwhlq +4<<9,,1
Jlyhq wkh lpsruwdqfh ri wklv sureohp/ lw lv lqfrqjuxrxv wkdw lw kdv uhfhlyhg
vxfk vfdqw dwwhqwlrq iurp wkh olwhudwxuh rq dvvhw sulflqj1 Wkh pdlq gl!fxow| lq
lqfrusrudwlqj frruglqdwlrq idloxuh lq d sulflqj wkhru| iru ghew lv wkdw frruglqd0
wlrq sureohpv ohdg wr pxowlsoh htxloleuld/ lq wkh pdqqhu ri Gldprqg dqg G|eylj
+4<;6,1 Zlwkrxw txdqwldeoh lqirupdwlrq rq wkh lqflghqfh ri frruglqdwlrq idloxuh/
lw lv lpsrvvleoh wr lqfrusrudwh wklv lqwr wkh h{ dqwh sulfh ri wkh ghew1 Lq wklv uh0
vshfw/ rxu dlp lq wklv sdshu fdq eh dfklhyhg rqo| li zh fdq surylgh d wkhru| zklfk
h{sodlqv wkh lqflghqfh ri fdvhv zkhuh d vroyhqw eruurzhu lv irufhg lqwr idloxuh1 Lq
rwkhu zrugv/ zh pxvw uvw kdyh d wkhru| ri vroyhqw exw looltxlg eruurzhuv/ dnlq
wr wkh wkhru| ri vroyhqw exw looltxlg edqnv +Jrogvwhlq dqg Sdx}qhu +5333,/ Urfkhw
dqg Ylyhv +5333,,1 H{whqglqj wkh phwkrgv ri Fduovvrq dqg ydq Gdpph +4<<6, rq
cjoredo jdphv*/ dqg rxu hduolhu zrun rq fxuuhqf| dwwdfnv +Pruulv dqg Vklq +4<<;,,/
zh ghyhors vxfk d wkhru| khuh1
Rxu vwxg| lv prwlydwhg e| wzr remhfwlyhv1 Wkh uvw lv wkhruhwlfdo1 E| h{0
whqglqj wkh iudphzrun ri Fduovvrq dqg ydq Gdpph +4<<6, dqg Pruulv dqg Vklq
+4<<;, wr lqfrusrudwh sxeolf lqirupdwlrq dv zhoo dv pruh uhdolvwlf glvwulexwlrqdo
dvvxpswlrq/ zh duh deoh wr fkdudfwhul}h qhfhvvdu| dqg vx!flhqw frqglwlrqv iru
xqltxhqhvv ri htxloleulxp1
Rxu vhfrqg prwlydwlrq lv hpslulfdo1 Vwxglhv ri qdqfldo uhfrqwudfwlqj ri upv
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xqghu glvwuhvv vxjjhvw wkdw lqvwdqfhv ri glvrughuo| oltxlgdwlrq dqg ghyldwlrqv iurp
sulrulw| ri ghewruv pd| sod| d vljqfdqw uroh +vhh/ iru lqvwdqfh/ Iudqnv dqg Wrurxv
+4<<7,,1 Qrwdeo|/ Euxqqhu dqg Nudkqhq +5333, grfxphqw hylghqfh iurp wkh ordq
errnv ri wkh pdmru Jhupdq edqnv wkdw wkh slyrwdo idfwru zklfk ghwhuplqhv wkh
vxffhvv ri wkh uhrujdql}dwlrq ri d glvwuhvvhg up lv wkh irupdwlrq ri d fuhglwru
srro wkdw frruglqdwhv wkh lqwhuhvwv ri wkh fuhglwruv +vhh dovr Kxehuw dqg Vfkçihu
+5333,,1
D fodvvlf uhihuhqfh lq wkh wkhru| ri wkh sulflqj ri ghidxowdeoh ghew lv Phuwrq
+4<:7,/ zkr prghov frpsdq| dvvhw ydoxh dv d jhrphwulf Eurzqldq prwlrq/ dqg
dvvxphv wkdw edqnuxswf| rffxuv zkhq dvvhw ydoxh uhdfkhv vrph jlyhq {hg ohyho
uhodwlyh wr oldelolwlhv1 Wkhq/ wkh sulfh ri ghew fdq eh rewdlqhg iurp rswlrq sulflqj
whfkqltxhv1 Pruh uhqhg wuhdwphqwv ri wklv dssurdfk lqfoxgh Ohodqg +4<<7, 0
uhfrjql}lqj ghew ohyho dv d ghflvlrq e| wkh up 0 dqg Orqjvwd dqg Vfkzduw}
+4<<8, 0 zklfk doorzv lqwhuhvw udwh ulvn1
Krzhyhu/ wkh hpslulfdo vxffhvv ri wklv dssurdfk kdv ehhq pl{hg1 Rqh hduo|
vwxg| lv Mrqhv/ Pdvrq dqg Urvhqihog +4<;7,/ zklfk xvhv gdwd iurp 4<:8 wr 4<;4
dqg qgv wkdw wkh dfwxdo revhuyhg sulfhv ri frusrudwh erqgv duh ehorz wkrvh
suhglfwhg e| wkh wkhru|/ dqg wkdw wkh suhglfwlrq huuru lv odujhu iru orzhu udwhg
erqgv1 Iru lqyhvwphqw judgh erqgv/ wkh huuru lv durxqg 318(/ zkloh iru qrq0
lqyhvwphqw judgh erqgv/ wkh huuru lv pxfk odujhu/ dw durxqg 43(1 Vxevhtxhqw
zrun kdv vxjjhvwhg wkdw ryhu0sulflqj lv uhvlolhqw wr ydulrxv uhqhphqwv ri wkh
wkhru|/ dqg dowhuqdwlyhv kdyh ehhq sursrvhg41
Rqh ri wkh frqwulexwlrqv ri rxu sdshu lv wr h{sodlq krz wkh ghidxow wuljjhu
ohyhov iru dvvhw ydoxhv dfwxdoo| vkliw dv wkh xqghuo|lqj dvvhw fkdqjhv lq ydoxh1 Lw
wkxv surylghv d frkhuhqw wkhruhwlfdo iudphzrun wkdw dffrpprgdwhv wkhvh hpslulfdo
dqrpdolhv1 E| h{sodlqlqj wkh lqflghqfh ri frruglqdwlrq idloxuh dv d ixqfwlrq ri wkh
xqghuo|lqj ixqgdphqwdov dqg rwkhu uhohydqw sdudphwhuv/ lw lv srvvleoh wr vxsso|
wkh plvvlqj olqn ehwzhhq wkh dvvhw ydoxh ri wkh eruurzhu dqg wkh ydoxh ri wkh dvvhw
zklfk lv mxvw orz hqrxjk wr wuljjhu ghidxow1 Rqfh wkh lqflghqfh ri frruglqdwlrq
idloxuh fdq eh fdofxodwhg/ lw lv wkhq d pdwwhu ri hydoxdwlqj wkh h{ dqwh ydoxh ri
frruglqdwlrq idloxuh dqg lqfrusrudwlqj wklv ulvn lqwr wkh sulfh ri ghew1
Wklv iudphzrun doorzv xv wr dgguhvv wzr lvvxhv ri fxuuhqw ghedwh 0 wkh surshu
xvh ri ydoxh dw ulvn +YdU, dqdo|vlv/ dqg wkh uroh ri juhdwhu cwudqvsduhqf|* lq
suhyhqwlqj pdunhw wxuexohqfh1
Ydoxh dw ulvn dqdo|vlv dwwhpswv wr txdqwli| wkh srwhqwldo lpsdfw rq wkh ydoxh ri
d sruwirolr ri vkliwv lq wkh xqghuo|lqj vwdwh1 Krzhyhu/ wkh fxuuhqw vwdwh ri wkh duw
4Vhh Dqghuvrq dqg Vxqgduhvdq +4<<9,/ zkr vxjjhvw wkdw vkliwv lq edujdlqlqj srzhu ehwzhhq
wkh fuhglwruv dqg pdqdjhuv pd| h{sodlq wkh sulfh dqrpdo|1 Dq dowhuqdwlyh dssurdfk lv wr dvvxph
wkdw ghidxow lv dq h{rjhqrxv hyhqw zklfk iroorzv vrph kd}dug udwh surfhvv1 Wkhq/ wkh ghidxow
ulvn lv uh hfwhg lq d kljkhu glvfrxqw udwh1 Gx!h dqg Vlqjohwrq +4<<<, ghyhors wklv dssurdfk1
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grhv qrw pdnh dq| h{solflw surylvlrq iru frruglqdwlrq idloxuh1 E| txdqwli|lqj wkh
lpsdfw ri frruglqdwlrq idloxuh/ lw lv srvvleoh wr irupxodwh d iudphzrun iru fuhglw
ulvn dqdo|vlv zklfk dgguhvvhv wkh hhfwv ri frruglqdwlrq idloxuh1 Wr dqwlflsdwh rxu
nh| qglqj/ zh vkrz wkdw zkhq wkh ixqgdphqwdo yldelolw| ri d ordq ghwhulrudwhv/
wkh frruglqdwlrq sureohp ehfrphv pruh dfxwh/ vr wkdw wkh h{ dqwh dvvhw ydoxh ri
wkh ordq idoov pruh wkdq sursruwlrqdwho| wr wkh ghwhulrudwlrq ri wkh ixqgdphqwdov1
Zh gxe wklv dgglwlrqdo hhfw wkh cfrruglqdwlrq hhfw*1 Lw uhlqirufhv wkh frqyhq0
wlrqdo hhfw lq zklfk d vkliw lq wkh sd|r glvwulexwlrq lqfuhdvhv wkh zhljkw ri wkh
ohiw wdlo ri wkh glvwulexwlrq1
Wudqvsduhqf| kdv ehfrph d wrxfkvwrqh ri wkh srolf| uhvsrqvh iroorzlqj wkh
uhfhqw qdqfldo fulvhv1 Wkh qrwlrq ri wudqvsduhqf| lv pxowl0idfhwhg dqg wrxfkhv
rq d zlgh udqjh ri lvvxhv vxfk dv dffrxqwdelolw|/ ohjlwlpdf|/ dqg wkh h!fdf| ri wkh
ohjdo lqiudvwuxfwxuh lq hqiruflqj frqwudfwv1 Krzhyhu/ wkhuh lv rqh qduurz lqwhusuh0
wdwlrq ri wudqvsduhqf| zklfk irfxvhv rq wkh surylvlrq ri pruh dffxudwh dqg wlpho|
lqirupdwlrq wr pdunhw sduwlflsdqwv1 Wkh xqvwdwhg suhplvh lv wkdw wkh lpsuryhg
surylvlrq ri lqirupdwlrq zloo plwljdwh frruglqdwlrq idloxuh1 Rqh ri wkh srvvlelolwlhv
rshqhg xs e| rxu iudphzrun lv wkdw zh fdq vxemhfw wklv suhplvh wr pruh uljrurxv
vfuxwlq|1 Wr dqwlflsdwh rxu pdlq frqfoxvlrq/ zh qg olwwoh wr vxjjhvw wkdw wkh
surylvlrq ri pruh dffxudwh lqirupdwlrq/ e| lwvhoi/ lv vx!flhqw wr suhyhqw fulvhv1
Wkh hhfw ri lpsuryhg lqirupdwlrq rq wkh h!flhqf| ri wkh rxwfrph lv dpeljxrxv
dw ehvw1 Wklv udlvhv vrph lpsruwdqw lvvxhv lq wkh srolf| ghedwh1 Zkhq fdoolqj
iru lpsuryhg wudqvsduhqf|/ lw lv lpsruwdqw wr eh fohdu dv wr krz wkh lpsuryhg
lqirupdwlrq zloo lpsuryh wkh rxwfrph1 Wkh phuh surylvlrq ri lqirupdwlrq lv xq0
olnho| wr plwljdwh frruglqdwlrq idloxuh1 Udwkhu/ wkh lqvwlwxwlrqdo edfngurs zloo eh
lpsruwdqw lq wkh zd| wkdw wudqvsduhqf| dhfwv wkh pdunhw rxwfrph1
51 Wkh Prgho
D jurxs ri fuhglwruv duh qdqflqj d surmhfw1 Hdfk fuhglwru lv vpdoo lq wkdw dq
lqglylgxdo fuhglwru*v vwdnh lv qhjoljleoh dv d sursruwlrq ri wkh zkroh1 Zh lqgh{ wkh
vhw ri fuhglwruv e| wkh xqlw lqwhuydo dfc o1 Dw wkh hqg ri lwv whup/ wkh surmhfw |lhogv
d oltxlgdwlrq ydoxh / zklfk lv xqfhuwdlq dw wkh wlph ri lqyhvwphqw1 Wkh qdqflqj
lv xqghuwdnhq yld d vwdqgdug ghew frqwudfw1 Wkh idfh ydoxh ri wkh uhsd|phqw lv
u/ dqg hdfk fuhglwru uhfhlyhv wklv ixoo dprxqw li wkh uhdol}hg ydoxh ri  lv odujh
hqrxjk wr fryhu uhsd|phqw ri ghew1
Dw dq lqwhulp vwdjh/ ehiruh wkh qdo uhdol}dwlrq ri / wkh fuhglwruv kdyh dq
rssruwxqlw| wr uhylhz wkhlu lqyhvwphqw1 Wkh ordq lv vhfxuhg rq froodwhudo/ zkrvh
oltxlgdwlrq ydoxh lv gW 	 u li lw lv oltxlgdwhg dw wkh lqwhulp vwdjh/ exw kdv wkh
orzhu ydoxh gW li lw lv oltxlgdwhg iroorzlqj wkh surmhfw*v idloxuh1 Wkxv/
gW 	 g
W 	 u
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Dw wkh lqwhulp vwdjh/ hdfk fuhglwru kdv d fkrlfh ri hlwkhu uroolqj ryhu wkh ordq xqwlo
wkh surmhfw*v pdwxulw|/ ru vhl}lqj wkh froodwhudo dqg vhoolqj lw iru gW1 Wkh ydoxh ri
wkh surmhfw dw pdwxulw| ghshqgv rq wzr idfwruv 0 wkh xqghuo|lqj vwdwh w/ dqg wkh
ghjuhh ri glvuxswlrq fdxvhg wr wkh surmhfw e| wkh hduo| oltxlgdwlrq e| fuhglwruv1
Ghqrwlqj e|  wkh sursruwlrq ri fuhglwruv zkr iruhforvh rq wkh ordq dw wkh lqwhulp
vwdjh/ wkh uhdol}hg ydoxh ri wkh surmhfw lv jlyhq e|
 Ewc  '

T li 5  w
gW li 5 : w
+514,
zkhuh T lv d frqvwdqw juhdwhu wkdq u/ dqg 5 : f lv d sdudphwhu zklfk phdvxuhv
wkh vhyhulw| ri glvuxswlrq fdxvhg e| hduo| oltxlgdwlrq1
E| qrupdol}lqj wkh sd|rv vr wkdw u '  dqggW ' f/ wkh sd|rv wr d fuhglwru
duh jlyhq e| wkh iroorzlqj pdwul{/ zkhuh b  EgW gW * EugW1
Surmhfw
vxffhhgv
Surmhfw
idlov
Uroo ryhu ordq  f
Iruhforvh rq ordq b b
Wkh erog olqhv lq jxuh 514 ghslfw wkh sd|r wr d fuhglwru dulvlqj iurp wkh ordq
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Iljxuh 514= Sd|r wr Uroo0ryhu
Wr dyrlg qrwdwlrqdo foxwwhu/ zh dvvxph wkdw li uroolqj ryhu wkh ordq |lhogv wkh
vdph h{shfwhg sd|r dv iruhforvlqj rq wkh ordq/ wkhq d fuhglwru suhihuv wr iruhforvh1
Wklv dvvxpswlrq sod|v qr vxevwdqwldo uroh1
Li wkh fuhglwruv nqrz wkh ydoxh ri w shuihfwo| ehiruh ghflglqj rq zkhwkhu wr
uroo ryhu wkh ordq/ wkhlu rswlpdo vwudwhj| fdq eh dqdo|vhg wkxv1 Li w : 5/ wkhq lw
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lv rswlpdo wr frqwlqxh zlwk wkh surmhfw/ luuhvshfwlyh ri wkh dfwlrqv ri wkh rwkhu
fuhglwruv1 Wklv lv vr/ vlqfh hyhq li hyhu| rwkhu fuhglwru uhfdoov wkh ordq/ wkh surmhfw
|lhogv hqrxjk wr sd| edfn wkh ixoo idfh ydoxh ri wkh ordq +htxdo wr 4,1 Wklv lv pruh
wkdq b1 Frqyhuvho|/ li w 	 f/ wkhq lw lv rswlpdo wr iruhforvh rq wkh ordq luuhvshfwlyh
ri wkh dfwlrqv ri wkh rwkhuv1 Hyhq li doo rwkhu fuhglwruv uroo ryhu wkhlu ordqv/ wkh
surmhfw |lhogv }hur/ zklfk ohvv wkhq b1
Zkhq w olhv lq wkh lqwhuydo Efc 5/ wkhuh lv d frruglqdwlrq sureohp dprqj wkh
fuhglwruv1 Zh pd| wklqn ri wklv lqwhuydo dv wkh vhw ri vwdwhv lq zklfk d fuhglw
hyhqw kdv rffxuuhg/ dqg lq zklfk wkh fuhglwruv duh lq d srvlwlrq wr vhl}h dvvhwv li
wkh| vr fkrvh1 Li doo rwkhu fuhglwruv uroo ryhu wkhlu ordq/ wkhq wkh sd|r wr uroolqj
ryhu wkh ordq lv / vr wkdw uroolqj ryhu wkh ordq wr pdwxulw| |lhogv pruh wkdq
wkh suhpdwxuh oltxlgdwlrq ydoxh b1 Krzhyhu/ li hyhu|rqh hovh uhfdoov wkh ordq/ wkh
sd|r lv f 	 b/ vr wkdw hduo| oltxlgdwlrq lv rswlpdo1 Wklv w|sh ri frruglqdwlrq
sureohp dprqj fuhglwruv lv dqdorjrxv wr wkh edqn uxq sureohp +Gldprqg dqg
G|eylj +4<;6,,/ dqg ohdgv wr pxowlsoh htxloleuld lq wkh vlpsoh shuihfw lqirupdwlrq
jdph lq zklfk fuhglwruv fkrrvh wkhlu dfwlrqv zkhq w lv frpprq nqrzohgjh51
Edvhg rq wkh vwuxfwxuh rxwolqhg deryh/ zh surfhhg wr ghyhors d prgho ri fuhglw
xqghu lpshuihfw lqirupdwlrq1 Zkhq wkh fuhglwruv pdnh wkhlu lqlwldo lqyhvwphqw/
wkh| nqrz wkdw w lv qrupdoo| glvwulexwhg zlwk phdq +/ dqg suhflvlrq k +wkdw lv/
zlwk yduldqfh *k,1 Dw wkh lqwhulp vwdjh/ zkhq hdfk fuhglwru ghflghv rq zkhwkhu
wr uroo ryhu wkh ordq/ hdfk fuhglwru uhfhlyhv lqirupdwlrq frqfhuqlqj w/ exw wklv
lqirupdwlrq lv lpshuihfw1 Fuhglwru  revhuyhv wkh uhdol}dwlrq ri wkh qrlv| vljqdo
% ' w n 0 +515,
zkhuh 0 lv qrupdoo| glvwulexwhg zlwk phdq 3 dqg suhflvlrq q1 Iru  9' / 0 dqg
0 duh lqghshqghqw1
D vwudwhj| iru fuhglwru  lv d ghflvlrq uxoh zklfk pdsv hdfk uhdol}dwlrq ri % wr
dq dfwlrq +l1h1 wr uroo ryhu wkh ordq/ ru wr iruhforvh rq wkh ordq suhpdwxuho|,1 Dq
htxloleulxp lv d suroh ri vwudwhjlhv 0 rqh iru hdfk fuhglwru 0 vxfk wkdw d fuhglwru*v
vwudwhj| pd{lpl}hv klv h{shfwhg sd|phqw frqglwlrqdo rq wkh lqirupdwlrq dydlodeoh/
zkhq doo rwkhu fuhglwruv duh iroorzlqj wkh vwudwhjlhv lq wkh suroh1
Zh kdyh qrwhg wkdw zkhq w lv revhuyhg shuihfwo| +vr wkdw % ' w,/ wkhuh lv pruh
wkdq rqh htxloleulxp1 Lqghhg/ wkhuh lv dq +xqfrxqwdeoh, lqqlw| ri htxloleuld lq
wklv fdvh1 Zkhq w lv revhuyhg lpshuihfwo|/ wkhuh lv d xqltxh htxloleulxp surylghg
wkdw wkh qrlvh 0 lv vx!flhqwo| vpdoo/ dv zh qrz ghprqvwudwh1
5Zh gr qrw kdyh pxfk wr dgg wr wkh ghedwh rq zkhwkhu d vhfrqgdu| pdunhw zloo plwljdwh
lqh!flhqflhv/ h{fhsw wr qrwh wkdw dq| dwwhpsw wr lqwhuqdol}h wkh h{whuqdolwlhv duh frqiurqwhg e|
frruglqdwlrq2iuhh0ulghu sureohpv dw d kljkhu ohyho1 Vhh Jhuwqhu dqg Vfkduivwhlq +4<<4,1
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